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1 The impact of temperature on the transformation of illicit drug biomarkers in wastewater sewer catchments and within the same catchment (due, e.g., to seasonal variations) have been neglected 19 to date as a factor influencing the estimation of illicit drug consumption. 20 In this study, we assessed the influence of temperature on the transformation of drug biomarkers 21 occurring at trace levels in wastewater, based on laboratory-scale experimental evidence, and its 22 ensuing implications for back-calculation of chemical consumption rate. Existing literature on the 23 stability of drug biomarkers in untreated wastewater was systematically reviewed, and transformation 24 rates obtained at different temperatures were collected. Arrhenius-based equations were fitted to 25 empirical data and identified to describe the transformation of selected cocaine and morphine 26 biomarkers at applicability temperature range (from 2-9ºC to 30-31ºC). These empirically-derived 27 relationships were used to assess the influence of temperature on the transformation of drug biomarkers 28 during in-sewer transport and its effect on the back-calculation of drug consumption rate in urban 29 catchments. Findings from this study can help reduce the uncertainty intrinsic to wastewater-based 30 epidemiology studies, and will be beneficial in generalizing consumption estimates from different 31 catchments worldwide. Wastewater-based epidemiology (WBE) is a growing research field to improve social behavior 48 predictions in an epidemiological context. It is based on the analysis of substance residues (biomarkers) 49 in wastewater and back-calculation of population consumption/exposure at catchment level. Substance 50 use biomarkers, such as illicit drugs, have been the main focus of WBE studies (Gracia-Lor et al., 51 2017). A number of uncertainties (e.g., chemical analysis, determination of catchment population) have 52 been associated to the determination of community drug use (Castiglioni et al., 2013) . Furthermore, 53 neglecting in-sewer transformation can also be a significant source of bias since biomarker 54 concentration levels at the excretion point can differ from the sampling point (Li et al., 2018) . In-sewer 55 stability of drugs is mainly associated to abiotic transformation (without the presence of biomass) and 56 biotransformation in the presence of suspended and attached biomass. 57 In WBE studies, two main approaches have been used to translate measured concentration to 58 consumption rate: (i) lumped correction factors that include e.g., excretion ratios and in-sewer 59 transformation; (ii) in-sewer process kinetic models together with excretion ratios. The first approach is 60 commonly used due to its simplicity, with the major drawback of lacking catchment specificity. 61 Conversely, process models explicitly rely on first-or second-order equations (McCall et al., 2016; 62 Plósz et al., 2013; Ramin et al., 2016) predicted concentration profiles (R 2 >0.7). Ten literature studies were eventually selected (Table 1) , 95 providing relevant information on stability of cocaine (COC), ecgonine methyl ester (EME), 96 cocaethylene (CE), norcocaine (NorCOC) and 6-monoacetylmorphine (6-MAM).
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The first-order transformation rate coefficient (k, d -1 ) was used as indicator of biomarker stability in 98 wastewater. Notably, k accounts for both abiotic and biotransformation kinetics, given that abiotic Estimated parameter values k T (d -1 ) and ϴ for the selected biomarkers are reported in Ort, C., van Nuijs, A.L.N., Berset, J.D., Bijlsma, L., Castiglioni, S., Covaci, A., de Voogt, P., Emke, E., 266 Fatta-Kassinos, D., Griffiths, P., Hernández, F., González-Mariño, I., Grabic, R., Hordern, B., Mastroianni, N., Meierjohann, A., Nefau, T., Östman, M., Pico, Y., Racamonde, I., 268 Reid, M., Slobodnik, J., Terzic, S., Thomaidis, N., Thomas, K. V., 2014. Spatial differences and Urinary samples collected at a music festival was dilutted with wastewater and incubated in a temperature water bath 8 Transformation study was performed in a covered jacketed reactor equipped with an agitator and oxygen diffuser. 9 Transformaiton study was conducted in Erlenmeyer flask on a shaker table in the dark. Autoclaved wastewater was chosen to represent abiotic transformation. 10 Glass bottles were placed in the dark and aerobic conditinos was maintained by shaking with a magnetic stir bar. Bottles at 20ºC were placed under fume cupboard uncapped and gently stirred 3 times per day (distilled water was used to compensate for evaporation). Bottle at 4ºC was stored with cap on.
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Used Erlenmeyer flask equipped with foam stopper to allow air transfer. Reactor was shaken at 180 rpm in the dark.
5
Glass bottles were capped with cotton plugs and placed in a thermostated cabinet. 6 Used gravity sewer reactor with continuous mixing with magnetic stirrer (250 rpm) to enhance surface aeration. 7 Urinary samples collected at a music festival was dilutted with wastewater and incubated in a temperature water bath 8 Transformation study was performed in a covered jacketed reactor equipped with an agitator and oxygen diffuser. 9 Transformaiton study was conducted in Erlenmeyer flask on a shaker table in the dark. Autoclaved wastewater was chosen to represent abiotic transformation. 10 Glass bottles were placed in the dark and aerobic conditinos was maintained by shaking with a magnetic stir bar. Table: Tables.doc   2   Table 2 . Estimated k T25 (d -1 ) and θ and their correlation for the selected drugs. Parameters are estimated as the best fitted value together with 95% confidence interval. The predictions are valid in the reported temperature range. 
